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Introduction
Suicide is a major public health concern in Japan, with overall rates approximately 60% higher than the global average. In 2007, the Japanese government initiated a nine-step plan to decrease suicide rates by 20% over the next ten years by encouraging the investigation of suicide risk factors, changing cultural attitudes toward suicide, and improving treatment for those who have attempted suicide. Although some progress has been made, the prediction and prevention of suicide remain a high priority in Japan.
Researchers have aimed to elucidate the various factors contributing to suicide, which are categorized as either proximal or distal [1] . Proximal factors such as a recent history of attempted suicide have been regarded as the most powerful risk factors for short-term suicide [2, 3] . However, more than half of completed suicides are associated with a first attempt [4] , indicating that treatment for attempted suicide is insufficient for suicide prevention. Moreover, those who complete suicide are less likely to seek mental health services [5] . Thus, suicide prevention efforts may be greatly improved by elucidating factors contributing to suicide among the general population.
Personality traits are thought to be among the most important distal risk factors of suicide, and some previous studies have reported that specific personality characteristics are associated with suicidal behaviors as well as suicidal ideation [6, 7] . Previous studies have revealed associations between suicidal ideation and various characteristics such as hopelessness (Beck Hopelessness Scale), neuroticism (Eysenck Personality Questionnaire), and harm avoidance (Temperament and Character Inventory) [8] [9] [10] [11] . Suicidal ideation is also significantly associated with suicide attempts [9, 12] and completions [10] . Furthermore, recent studies have indicated that affective temperaments are associated with both suicide attempts and suicidal ideation [13] .
Developed by Akiskal and colleagues, the modern concept of affective temperaments consists of five basic temperament types: depressive, cyclothymic, hyperthymic, irritable, and anxious [14] . Individual variations in temperament are assessed using the Temperament Evaluation of Memphis, Pisa, Paris, and San Diego Autoquestionnaire (TEMPS-A) [14, 15] , which has also been utilized in recent research regarding suicidal ideation and suicidal behaviors [13, [16] [17] [18] [19] [20] . Recently, several studies have revealed an association between affective temperaments and suicide-related behaviors among patients with mood disorders [16, 17, 21] , noting that suicide attempts in this patient population were associated with depressive, irritable, anxious [22] , and cyclothymic temperaments [22] [23] [24] . Another study involving patients with psychiatric conditions other than mood disorders indicated that suicide risk was associated with an irritable temperament [25] .
Such findings suggest that affective temperaments play a significant role in the development of suicide-related behaviors in clinical populations. Although several studies have revealed an association between affective temperaments and suicide-related behaviors among individuals with mood disorders, relatively few have investigated such an association among the general population. One such study reported that a history of suicide attempts was significantly associated with depressive and cyclothymic temperaments in this population as well [20] , while a recent study involving college students indicated that depressive, cyclothymic, and anxious temperaments were associated with suicidal ideation in both men and women [26] . A largesample survey of the general population also suggested that anxious temperament is a strong risk factor for suicide attempts [18] . However, to our best knowledge, there is no study, which investigate the relationship between the affective temperaments and suicidal ideations among general adult population. Also, it is unclear the associations between gender and affective temperaments among the general adult population with suicidal ideations.
The aim of the present study was to investigate the association between affective temperament and suicidal ideation/thoughts of self-harm in the non-clinical general adult population. Gender differences of affective temperaments between participants with or without suiciderelated ideations were also investigated in this study. To achieve this aim, we compared TEMPS-A subscale scores between participants with depression experiencing suicide-related ideations and those without suicide-related ideations.
Materials and methods

Participants
The present study consisted of two survey periods (July 2011 to December 2011 and January 2014 to August 2014) involving 500 Japanese volunteers [27] and 853 Japanese volunteers [28], respectively. All participants, who had no history of psychiatric disease, were recruited from the non-clinical general adult population by flyers and word of mouth. We included data from 701 participants (286 from Survey 1 (57.2%) and 415 from Survey 2 (48.7%)) who completed both the Patient Health Questionnaire (PHQ-9) and the TEMPS-A. Sixty-one participants were further excluded from the Survey 2 dataset, as they had already participated in the first survey. Patient characteristics including gender, age, and education level were collected for all 640 remaining participants, who were then divided into three groups according to PHQ-9 scores. Participants with PHQ-9 summary scores 4 were categorized into the non-depressive control (NC) group. Participants with PHQ-9 summary scores >4 and PHQ-9 #9 scores of 0 were categorized into the "depressive symptoms without suicide-related ideations (non-SI)" group, while those with PHQ-9 summary scores >4 and PHQ-9 #9 scores !1 were categorized into the "depressive symptoms with suicide-related ideations (SI)" group. The PHQ-9 #9 scores !1 means that the participants had suicide-related ideations at least "several days" out of the week. We excluded two participants with PHQ-9 summary scores 4 and PHQ-9 #9 scores !1 to avoid bias associated with heterogeneous populations. A total of 638 (47.2%) participants were included in the final analysis.
Written informed consent was obtained from all participants. The present study was performed in accordance with the ethical standards established in the 1964 Declaration of Helsinki (amended in Fortaleza, October 2013) and approved by the institutional review board of Hokkaido University Hospital.
Measures
2.1. PHQ-9. The PHQ was developed as a self-report version of the Primary Care Evaluation of Mental Disorders (PRIME-MD). It was designed for the criteria-based diagnosis of several mental disorders commonly observed in primary care [29] . The validity of the depression module (PHQ-9) of the PHQ for screening major depressive episodes has been confirmed in primary care, medical outpatient, and specialty medical settings. Two recent meta-analyses have reported reliable sensitivity (0.80 and 0.77, respectively) and specificity (0.92 and 0.94, respectively) for the PHQ-9 [30, 31] . These numbers correspond with the DSM-IV diagnosis of major depressive disorder or major depressive episodes in primary care clinics and non-psychiatric clinics.
In the present study, we used the Japanese version of the PHQ-9, which also has excellent validity in primary care [32] and in psychiatric settings [33] . The PHQ-9 summary score assesses the severity of depression, which is divided into five categories: 0-4, 5-9, 10-14, 15-19, 20 or greater [34] . In the present study, depressive symptoms were defined for PHQ-9 summary scores !5. After reviewing the data, when an individual responded that he or she had "Thoughts that you would be better off dead or of hurting yourself in some way" at least "several days" out of the week, he or she was considered to have "suicide-related ideations". The meaning of the term "suicide-related ideations" includes ideas of both suicide and self-harm (Silverman et al., 2007). Thus, this term is coincident with a PHQ-9 #9 score !1.
Temperament evaluation of the Memphis, Pisa, Paris, and San Diego auto-questionnaire (TEMPS-A).
The TEMPS-A is a dichotomous self-report questionnaire containing 109 items for men and 110 items for women used to assess variations in depressive, cyclothymic, hyperthymic, irritable, and anxious temperaments [14, 15] . The depressive, cyclothymic, hyperthymic, and irritable (20 for men) subscales consist of 21 items, while the anxious subscale consists of 26 items. The TEMPS-A Japanese version, which has shown reliability and validity (internal consistency) in a non-clinical sample of Japanese participants, was administered in the present study [35] .
Statistical analyses
Patient characteristics were summarized using descriptive statistics and subjected to the Kruskal-Wallis test. Post hoc analysis was performed using Dunn's test. Kruskal-Wallis and Dunn's tests were also performed for the analysis of TEMPS-A subscale scores. The 95% confidence intervals of differences in TEMPS-A subscale scores between the NC and non-SI groups, or between NC and SI groups, were then calculated according to gender, following which the 95% confidence intervals of mean scores on the TEMPS-A were compared between those of the SI and non-SI groups. We calculated 95% confidence intervals for differences between two unpaired population means (Gardner and Altman, 1986). Differences were considered significant at P<0.05. SPSS version 21.0 (SPSS Inc., Japan) was used for all analyses.
Results
Demographic data
The demographic data of the NC, non-SI, and SI groups are shown in Table 1 . No significant differences in mean age were noted among the groups (P = 0.066). Women comprised 43.3% of the NC group (N = 469), 55.6% of the non-SI group (N = 135), and 64.7% of the SI group (N = 34), respectively. Kruskal-Wallis tests revealed significant differences in the distribution of gender among these three groups (P = 0.004). Post hoc analyses using Dunn's test revealed that this difference remained significant between the NC and non-SI groups (P = 0.012), and between the NC and SI groups (P = 0.016). Educational experiences were also significantly different among the groups (P = 0.009), and post hoc analysis revealed the NC group had significantly higher levels of education than the SI (P = 0.018), and non-SI (P = 0.026) groups. The distribution of marital status was significantly different among the three groups (P = 0.002), and post hoc analyses revealed that the marriage rate in NC group was significantly higher than that of the SI (P = 0.02) and non-SI (P = 0.003) groups. However, no significant difference was observed between the SI and non-SI groups (P = 0.508). Significant differences in PHQ-9 summary scores of these three groups were also observed. Post hoc analysis revealed that PHQ-9 summary scores of the SI and non-SI groups were significantly higher than those of the NC group (P<0.001 for each). However, no significant difference in PHQ-9 summary score was observed between the SI and non-SI groups (P = 0.307). No significant differences in demographic characteristics were observed between the SI and non-SI groups.
TEMPS-A scores
Kruskal-Wallis tests and post hoc analyses revealed that the depressive, cyclothymic, irritable, and anxious temperament scores of the SI and non-SI groups were significantly higher than those of the NC group (Table 2) . Moreover, among all participants, the depressive, irritable, and anxious temperament scores of participants in the SI group were significantly higher than those of the non-SI group. Among female participants, the depressive and irritable temperament scores of participants in the SI group were significantly higher than those of women in the non-SI group. Among male participants, only the depressive temperament scores of men in the SI group were significantly higher than those of men in the non-SI group.
Among all participants, the 95% confidence intervals of mean depressive, cyclothymic, irritable, and anxious temperament scores in the SI group were higher than those in the non-SI group (Fig 1) . Among female participants, the 95% confidence intervals for mean score differences in irritable temperament were higher for women of the SI group than for those of the non-SI group (Fig 2) . Among male participants, the 95% confidence intervals for mean score differences in depressive and cyclothymic temperaments were higher for men of the SI group than those of the non-SI group (Fig 3) . The results of Kruskal-Wallis tests and post hoc tests were consistent with the results of the 95% confidence intervals of mean score on the depressive, irritable, and anxious temperaments in all participants, the irritable temperament in female participants, and the depressive temperament in male participants. Kruskal-Wallis tests and post hoc tests revealed that female participants of the SI group had significantly higher depressive temperament scores than those of the non-SI group, although the 95% confidence intervals overlapped. These analyses also revealed that, among all participants and only men, cyclothymic subscale scores were higher in those of the SI group than the non-SI group (not significant), although the 95% confidence intervals did not overlap.
Discussion
The present study revealed that adult participants of the general population with depressive symptoms experiencing suicide-related ideations (i.e., ideas of suicide or self-harm) exhibited higher scores on the TEMPS-A depressive, irritable, and anxious temperament subscales than those without suicide-related ideations. Furthermore, women with suicide-related ideations exhibited higher scores on the irritable temperament subscale than those without suiciderelated ideations. In contrast, men with suicide-related ideations exhibited higher scores on the depressive temperament subscale than those without suicide-related ideations.
These results suggest that depressive temperament contributes significantly to the incidence of suicide-related ideations in individuals of the general adult population with sub-clinical depressive symptoms, consisting with the findings of previous studies regarding attempted suicide. In a previous cross-sectional study of public school students (n = 1,713), depressive temperament was significantly associated with self-harm in both genders [36] . In another previous study of 150 nonviolent suicide attempters, scores for the depressive, cyclothymic, irritable, and anxious temperament subscales were significantly associated with suicide attempts, and the odds ratios for dominant depressive temperament (mean+ 2SD or above) was significantly high [22] . Furthermore, in a cross-sectional study involving healthy college students (n = 1,381), the TEMPS-M depressive, cyclothymic, and anxious temperament scores were significantly associated with suicidal ideations, and depressive temperament had the highest odds ratio as a predictor of lifetime suicidal ideations among all participants [26] . These findings suggest that depressive temperament plays an important role in the development of suiciderelated ideations. Individuals with depressive temperament have a tendency towards lowered mood, and the primary cognitive features associated with depressive temperament include low self-esteem and self-criticism [14] . Previous studies have indicated that self-esteem is negatively correlated with suicide rates at the national level, especially among Japanese individuals, in whom the lowest levels of self-esteem were observed [37] . Previously, we observed significant relationships between suicide risk and low self-esteem among Japanese university students [38] . The present study suggests that depressive temperament as measured by the TEMPS-A is among the most important risk factors for suicide-related ideations in the general adult population, especially in men. In the present study, the irritable temperament was significantly associated with suiciderelated ideations in women. The irritable temperament is thought to be a strong predictor of suicidal behavior in clinical populations [13, 22, 25, 39] , while the combination of irritable temperament and major depressive episodes results in a mixed depressive state, which is thought to be one of the most important risk factors for suicide [40, 41] . Several previous studies have revealed that the relationship between irritable temperament and suicide-related ideations, however among the general female population remains unclear [20, 26, 42] . Furthermore, the reason for this gender difference remains unclear as well.
In the present study, no significant differences in cyclothymic temperament were observed among participants with and without suicide-related ideations, although the 95% confidence intervals of differences in cyclothymic temperament between the NC and non-SI/SI groups did not overlap. These findings suggest that cyclothymic temperament is related to depressive symptoms, but not to suicide-related ideations. Recent reports have suggested that cyclothymic temperament plays a significant role in the development of suicidal behavior among patients with mood disorders [39] . In a previous study, patients with cyclothymic temperament and bipolar II disorder experienced greater numbers of lifetime suicide attempts and suiciderelated hospitalizations than those without cyclothymic temperament [43] . Additional studies have reported that cyclothymic temperament is significantly associated with suicide attempts in clinical populations [22] [23] [24] . A recent study reported that patients with mood disorders and cyclothymic temperament have a higher risk of suicide than those without cyclothymic temperament [17] . Moreover, cyclothymic temperament has been associated with psychiatric conditions other than mood disorders, such as borderline personality disorder, alcohol related disorders, and bulimia nervosa [44] , which are known as high risk factors for suicidal behavior [45, 46] . Previous studies have also suggested that cyclothymic temperament was associated with both suicide attempts and suicidal ideation among children and adolescents with mood disorders [24] . These findings are also consistent with the results of a previous study involving patients in primary care settings, which reported that cyclothymic and depressive temperaments were significantly associated with personal history of suicide attempts [20] . In a study of non-clinical college students, cyclothymic, depressive, and anxious temperaments were significantly associated with suicidal ideation [26] . In a review of affective temperaments in the general population, Vazquez et al. revealed that cyclothymic temperament did not correlate with depressive temperament [42] . These findings suggest that the effect of cyclothymic temperament on suicide-related ideations differs from that of depressive temperament.
We also observed that anxious temperament was associated with suicide-related ideations among the general population in the present study. Previous studies have also reported that anxious temperament is significantly associated with suicide risk among psychiatric inpatients [25] , with nonviolent suicide attempts [22] , and with family history of suicide attempts [20] . In a recent large-scale study involving participants from among the general population, the TEMPS-A anxious temperament was identified as a strong risk factor for suicide attempts [18] .
However, hyperthymic temperament did not significantly differ between participants with and without suicide-related ideations in the present study, consistent in part with the results of several previous studies, which suggested that hyperthymic temperament may be a protective factor against both suicide risk and hopelessness [13, 39] .
The cross-sectional study design is a main limitation of the present study. Thus, additional prospective longitudinal studies are required in order to more fully elucidate factors predictive of suicide-related ideations. Furthermore, we observed some differences in the distribution of gender and educational experience among the three groups, which may have influenced the outcome of our study. Since we excluded non-depressive participants with suicide-related ideations, we could not analyze these populations. In the future, we need another study for investigating TEMPS-A of non-depressive populations with suicide-related ideations. Additionally, since the number of male participants with suicide-related ideations was small, the results of the Kruskal-Wallis tests were not entirely consistent with the results of the statistical estimations, which were described as 95% confidence intervals. The use of the PHQ-9 to evaluate suicide-related ideations represents another major limitation of the present study, as thoughts of suicide generally differ from thoughts of self-harm in a number of respects. Hence, a specific scale for the evaluation of suicidal ideation should be utilized in future studies. The results of the present study could not be generalized to other populations in different countries, because both universal and cultural specificity of affective temperaments were suggested in the previous study [42] .
Conclusions
Our findings indicate that the TEMPS-A depressive, irritable, and anxious temperaments are significant risk factors for suicide-related ideations in the Japanese non-clinical general adult population. We further observed that the TEMPS-A depressive temperament is a specific risk factor for suicide-related ideations among men, while the TEMPS-A irritable temperament is specific risk factor for suicide-related ideations among women. 
